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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001 ] Ihe present invention relates to NKT cell-activating agents, therapeutic agents for autoimmune diseases and 
agents for inducing abortion. 

10 Background Art 

[0002] H has been revealed that intermediate ICR cells (TCR*"^ cells), which express Tcell receptors (TCRs) inter- 
mediately, are related to natural killer (NK) cells in temns of their features, for example, showving a large granular lym- 
phocyte (LGL)-Iike morphology, constantly expressing IL-2R p-chains. and having perforin granules, but they are clearly 

15 different from NK cells in terms of having TCRs (Watanabe. H. et al., J. Immunol.. 155. 2972 (1995)). Furthermore, 
among the TCR'"* cells activated by interieuidn 12 (IL-12). NK 1.1 -expressing NK l.l^CR"* (NKT) cells have beeri 
shofwn to be important effector ceils in controlling hematogenous metastases of tumors to the liver and lung in mice 
(Hashimoto, W. et al. . J. Immunol.. 1 54. 4333 (1 995); Anzai. R. et al. . Immunol.. 88. 82 (1996)). These data suggest that 
the NKT celte may play an important role in eradicating cancer cells, parasites, protozoans, and intracellular infectious 

20 bacteria such as Lfetida nTOnOQVtQqenos and Micobacterium tubeculosis (SeW. S. et al.. Clin. Immunol.. 28, 1089 
(1996)). 

[0003] The MKT c^ are also known to be closely associated with acute rejection in bone marrow tran^jiartation 
(\knkelevich. B. et al.. J. Immunol.. 142; 3423 (1989)) and with controlling of IgE ariibody production by controlling . 
Th1/rh2 differentiattonof hefpa-TcellsC^b^imoto. T A,d.Exp. Med.. 179. 1285 (T994)). Thus. the:WKrcefe.ara:* 

25 a group of new cells tfiat are currently attracting enonnous attwrtion. 

[0C04J Va14* NKT cells are a subset otthe above-mentioned NKT cells. Many Va14* NKT cells express Va14Jct28t 
mRNA and have this as a TCRa^haffU Recertty^ttia Val4* NKT ceHavaere sha-jato badoaely asod^ otti . 
onset of autoirmiune diseases. ThenuntoerofVal4^ NKT c^^3»reve^ ftr seleciivelrtJecrrase prior to the ons^ 
ot an autoimmime disease in MRL Ipr/lpr mice, model micB tor an autoimmune (Ssease (human systemic lupus ery- 

30 themaiost^ fn TThrch abnormaf lyrr^cytesr accumulate srtT^.we^ tfdlt^za; W?.: A. ± krmmdt ^56 - 
4035(1996)). 

[OOast Similar phenomena were also observed in modet mice for other artotmmune cfiseases. such as^ mice and 
(N2BxN2W> F1 mice, revealing that the Val4* NKT cells are closely associated with the onset of autoimmune diseases 
(Makino, Y etal., Clin. Immunol., 28. 1487 (1996)). 

[0006] More interestingly, similar phenomena were also observed in hunrrans. The Va24JaQa chain, a human homo- 
logue to the mouse Val4Ja281 chain, was found in peripheral blood CD47CD8' T cells at a level of 20-50% in healthy 
humans but not at all in sclerosis patients (Sunrtida. T. et al.. J. Exp. Med.. 182. 1 163 (1995)). 
[0007] Thus, the mouse Va1 4+ NKT cells and human Va24JaQa T cells are known to be involved in various autoim- 
mune diseases which are caused by different causative genes or genetic background. Therefore. IL-12 having an NKT 
cell-activating activity as mentioned above was expected to be a therapeutic agent for autoimmune diseases such as 
hunHTT systemic lupus erythematosus (SLE) and systemic sclerosis (SSc). However, a marked increase in the number 
of abnormal lynphocytes (CD3*B220* double negative T cells) in the spleen and lymph nodes was observed in MRL 
Ipr/lp mtce to which IL-IZ was administered as compared with the control mice (Takenori Tsutsui et al.. Proceedings of 
Annual Meeting of the Japemese Society for Immunology 347 (1 996)). 
4S BKKSJ p-(3alactosylceramkJes or Prglucosylceramides, in which various sugars bound to ceramides in a p-configura- 
tlon. are present in the mammal body (Svennerholm. L et aL. Biochim. Biophys. Acta. 280. 626 (1972); Karlsson, K. - 
A. et al., Biochim. Biophys. Acta. 316. 317 (1973)). On the other hand, it is known that a-galactosylceramides have 
marked invnunostimulatory activity and antitumor activity (Morita. M. et al., J. Med. Chem., 38. 2176 (1995)) and such 
activities by a^alactosylceramides or a-glucosylceramides are known to be much stronger than those by p-galactosyl- 
ceramides or p-glucosylceramides (Motoki. K. et al.. Biol. Pharm, Bull.. 18. 1487 (1995)). It is also known that admirtis- 
tration of conpounds having an a-glucosylceramkie structure protects the body from radiation (Motoki. K. et al.. Bioorg. 
Med. Chem. Lett., 5. 2413 (1995)), suppresses the metastasis of mouse melanoma 816 to the lung (Kbbayashi. E. et 
al.. Oncology Res.. 7. 529 (1995)) and metastasis of mouse colon adenocarcinoma. Colon 26, and mouse T lymphoma 
EL-4 to the liver (Kazuhiro Motoki et al.. Proceedings of Annual Meeting of the Japanese Cancer Association, 523 
(1996)). and increases the number of platelets and leukocytes (Motoki. K. etal.. Biol. Pharm. Bull., 19, 952 (1996)). 
[0009] However, there are no reports ta date that compounds having an a-glucosylceramide structure are effective 
on autoimmune diseases, that such compounds wouW induce abortion, or that such compounds could even affect NKT 
cells. 
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[001 0] The present inventors have now found that a-glycosylceramides enhance antitumor cytotoxic activity against 
tunnor cells o1 NKT cells in RAG-1 KOA^al 4t9/Vp8.2tg mice (mice having a large number of NKT cells but neither B cells. 
5 T cells nor NK cells in the lymphocyte fraction), markedly increase the number of NKT cells, in particular, mouse Va1 4* 
NKT cells and human Va24+ NKT cells, suppress abnormal swelling of axillary and inguinal iyrrph nodes (accumulation 
of abnormal lynphocytes) in MRL Ipr/Ipr mice which are considered model mice for human systemic lupus erythema- 
tosus, and control the progression of mouse colitis induced with 4% DSS. 

[001 1 ] The present inventors have also found that a-glycosylceramides suppress the onset of experimental autoim- 
10 mune encephalomyelitis. This experimental autoimmune encephalomyelitis in mice is a model for human multiple scle- 
rosis. The present inventors have also found that a-glycosylceramides suppress the spontaneous onset of diabetes in 
NOD mice which are model animals for human type I diabetes. 

[0012] The present inventors have further found that a-giycosytcerannides have an aborting effect on pregnant mice. 
[001 3] An objective of the present invention is to provide an agent for activating an NKT cell and an activated NKT cell. 
IS [001 4] Another objective of the present invention is to provide a therapeutic agent tor autoimnruine diseases such as 
systemic lupus erythematosus, systemic sclerosis, ulcerative colitis, encephalomyelitis, nrtultiple sclerosis, or type t dia- 
betes. 

[001 5] Further objective of the present invention is to provide an agent for inducing abortion. 
[0016] The NKT cell-activating agent, the therapeiAio agent for autoimmune diseases and the agent for irtducing abor- 
20 tion according to the present invention comprise a compound of formula (0 or a salt or a solvate thereof: 



2S 



30 




(I) 

wherein 

40 represents H or OH, 

X represente an integer between 7 and 27, 

represents a substituertt sheeted from the group consisting of the following (a) 1o (e) (wherein Y represents an 
trrteger between 5 artd 17): 

45 (a) -CH2(CH2>yCH3 - 

(b) -CH(0H)(CH2)yCH3 

(c) -CH{0H)(CH2)yCH(CH3)2 

(d) -CH=CH(CH2)yCH3 

(e) -CH(OH)(CH2)yCH(CH3)CH2CH3, and 

50 

R^ to R® represent substituents as defined in any one of the following i) to v): 

i) when R^. R^ and represent H. 

55 R^ represents H, OH, NH2. NHCOCH3, or a substituent selected from the groip consisling of the following 

groups (A) to (D): 
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(A) (B) (C) {D) 



represents OH or a substituent selected from the group consisting of the following groups (E) and (F): 




<A) (B) (C) (D) 



represents H. CH3. CH2OH or a substrtuent selected from the group consisting of the following groi|>s 
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HO 




(A') 



(B") 



(CI 



ii) when R^. and R^ represent H, 

represents H. OH, NH2, NHCOCH3. or a substituent selected from the groip consisting of the following 
groups (A) to (D): 




OH 






(M 



(C) 



(D) 



R^ representsOH or a substituent selected from the group consisting of groups (E) and (F): 



KO- 



HO 



—OH 




OH 




OH 



(F) 



R® represents OH or a substituent selected from the group consisting of the following groups (A) to (D): 
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(A) (B) (C) (D) 



represents H. CH3, CH2OH or a substrtuent selected from the group consisting of the following groips 
(A*) 10(01: 



25 




(A») (BT) (C^ (»> 



55 BRIEF DESCRrPTiOM OF TI4 P. DRAWINGS 
[C017] 

Figure 1 shows enhancing effect of KRN7000 on cytotoxic activity of NKT cells against tumor cells. The E/T ratio 
<o indicates the number of effector cells (spleen cell counts) / the number of target cells (YAC-1 cell counts). 
Figure 2 showvs stimulation of NKT cell proliferation by KRN 7000 in the spleen. 

A: Results of FAGS analysis of the spleen lymphocyte fraction. The horizontal axis indicates the fluorescence 
of FITC-labeled anti-TCRap monoclonal antibody and the vertical axis indicates the fluorescence of cychrome- 

45 labeled anti-NK1.1 nronoclonal antibody. 

B: Results of FACS analysis of the spleen lynrphocyte fraction. The vertical axis indicates relative cell counts 
and the horizontal axis indicates the fluorescence of PE-labeled Va14 monoclonal antibody The white area 
shows the fluorescence when stained with the PE-labeled Val 4 monoclonal antibody after pretreating with an 
unlabeled Va14 monoclonal antibody (cokJ blocking). The shaded area shows the fluorescence distrbution of 

50 the PE-labeled Val 4 monoclonal antibody to Vol 4* cells after the administration of vehicle or KRN 7000. 

C: Change in the number of total cells. T cells. NK cells and Val 4+ NKT cells in the spleen lynphocyte fraction 
by the administration of KRN 7000. 0:Va14+ NKT cells. Q ^oial cells. 0:T cells, diNK cells. 

Figure 3 shows results as to the progression otf lymphatic swelling with time in Ipr/^r mice to which KRW 7000 was 
55 administered. Lymph nodes are scored into 4 grades, i.e.. -(0). +{1 ), ++(2)and +++(3)depending on size. Summed 
scaes of the right and left sides ofthe axilfey tyrrph node (A) or in^nal lymph node (B) are shown as fyrmh node 
swelling indexes. 

Rgure 4 shows survival rates of MRL Ipr/lpr mice to which KRN 7000 was administered. 
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Figure 5 shows the activity of KRN 7000 in suppressing cdrtis In niice induced with 4% DSS. 4% DSS was contin- 
uously administered to the mice in the drinking water during the experiment. 

A; Change in the txidy weight of mice in different groups. 
5 B: Survival rates of mice in different groups. 

Figure 6 shews the effect of KRN 7000 on experimental autoimmune enc^halomyelitis (EAE) indited in C57BL/6 
mice, for exanrtple. by nnyelin oligodertdrogiia protein (MOG). A: Group to which vehicle was administered. 6: Group 
to which KRN 7000 (20 jig/kg) was administered EAE symptoms were scored as follows: Clinical scores: 0: nor- 
10 mal, 1 : paralysis in tails, 2: static reflex insufficiency, 3: paralysis in back feet. 4: paralysis in front arKi t>ack feet, 5: 
death. 

Figure 7 shows the effect of KRN 7000 on spontaneous diabetes in NOD mice. 

Figure 8 shows the stimulatory activity of KRN 7000 in the proliferation of Va24* MKT cells. After an autologous 
mixed lymphocyte reaction using peripheral blood nK)nonuciear cells as responding cells. CD4~C08' cells were 
75 recovered to sp^y the phenotype using labeled antibodies. Dotted lines hdicate the fluorescence distribution 
wtren stained with control antibodies (mouse IgQ or rat IgM) and solid lines indicate the fluorescence distribution 
when stained with anti-CD3, CD4, CDS. and Va24, Vpi1 anttocdies (Immunotech), and anti-NKRP1A antibodies 
(Becton Dickinson). 

Figure 9 shows stimulatory activity of KRN 7000 in NKT-cell proliferation. When antigen-presenting cells 
20 were treated with KRN 7000. sSiTBjIation of proliferation of Va24* NKT cells was observed In a manner dependerrt 
on the number of the antigen-pr^enling cells. 

Figure 10 shows the outiine of reactions for tfre symhe^s of KRN 7000, the representative a-gfyoEsytaBwrnte 
conpound usaJ in the present mvention. In tine drawing, pyr r^resents pyridine. BrPPhs (Cl-yta^'^a repr^eits 
tndecanetriphenylphos^orvum bromkJe, n-Buli repres&rts n<butyl tthiunx MsCI represents meihanesutkW chlo-. 
25 ride. BnBr represents b&rzy\ bfonwle, and 1-PrOH repr^ents propyl alcotol. 

Figure 1 1 is the continuation of the reactions for the syrrthesis as stoiyn in Figure 1 0. WSC-HCI represents 1 -ethyl- 
3*<3*Kilnt8th)ftanwc^>rQpyl)KSS^^ hydrositoncte. E^vsaeois nraiOTJ^ ^m^as. 4^. &rul triss^^iSr • 
resents tetrahexytannmonium bromide. 
Ftgure t2.&to£S ctt&T^ fomulas of the corr^xiLffK^ 

DETAILED DESCRIPTION OF THE INVENTION . . . ' ' 

Comoounds of formula (W 

35 [001 81 In the conpounds of formula (I) . X in the ceramide moiety preferably represents an integer between 1 1 and 25. 
[001 9] Y in r2 preferably represents an integer between 9 and 1 7, more preferably between 1 1 and 1 5. 
[0020] Preferable combinations for X and R^ in the ceramide moiety of formula (I) are compounds in which X is an 
integer between 21 and 25 and R^ is sui^stituent (b) (wherein Y is an integer between 1 1 and 15) and compounds in 
which X is an integer between 9 and 13 and R^ is tiie sii>stitijent (a) (wherein Y is an integer between 1 1 and 15). 

40 [0021 ] Preferable contDinations tor R^ to R^ in the sugar nrwiety of formula (0 are conpouncte in which R^ and R^ are 
H, R"* is OH or any substituent of groups (A) to (D). R^ is OH or any aibstituent of group (E) or (F). R^ and R® are each 
H or OH (but R^ arid R^ are different from one another), and R^ is CHgOH. CH3. H or any substituent of groups (AO to 

(D)- ^ 7 ft 

[0022] More preferable contjinations include compounds in which R^ and R^ are H, and are OH. R' and Pr 
45 are each H or OH (but R^ and R^ a^e d i ff e ie ^H from we another), and R® is CH2OH or any substituent of groups (AT to 
(D), and conpoursls in which R^, R^ and R® are H, R^, R® and R^ are OH. and R^ is CH2OH. 
[0023] Preferat^e examples of compoinds of fornujla (I) include compounds in which 

X is an integer between 21 and 25. 
so R^ is SLtetituent (b) (wherein Y is an integer between 1 1 and 15). 
R^ and R^ are H. 

R"* is OH or a group selected from the group consisting of groups (A) to (D). 
R^ Is OH or a group selected from the group consisting of groups (E) and (F). 
R^ and R® are each H or OH (but both R^ and R^ are not tiie same substituent), and 
55 ?? is CH2OH or a group selected from the group consisting of groups (A*) to (D^: compounds in which 
X integer between 9 cff^lS. 

R^ Is si4)stituent (a) (wheran Y is an integer between 1 1 and 15), 
R^andR^areH, 
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and are OH. 

and R® are eadi H or OH (but both and are not the same substituent). and 
R^ is H, CH3 or CH2OH; compounds in which 
X is an integer between 21 and 25, 

r2 is substituent (b) (wherein Y is an integer between 1 1 and 1 5). 

R^andR^areH. 

R^^andR^areOH. 

R^ and R® are each H or OH (but both R^ and are not the same substituent). and 

R^ is CHgOH or a group selected from the group consisting of groups (A*) to {Oy, and conrpounds in which 

X is an integer between 21 and 25, 

r2 is substituent (b) (wheran Y is an Integer between 1 1 and 15). 

R^. and R^ are H, 

R^, r5 and R^ are OH. and 

R^isCHaOH. 

[00241 Preferable compounds as effective components of therapeutic agents according to the present Invention 
tnctude 

(2S3S,4R)-l-{a-D-galactopyranosyloxy)-2-hexacosanoyIamino-14<K:l^^ (KRMTMOX 
(2S,3R>-l-(a-^-galadopyranosytaKy)-2-tetradecanoylamino-3-oc^ 
{2&3R)-1-(a-D-^ucopyranosyloxy).2-tetradecanoyl amino-O-octadecanol (AGL-563), 
(2S.3R)-H6'<feoxy-a-D-galactcwranosyloxy)-2-tetradecanoylamTO 
(2S,3R)-1-(p-L-arabinopyram»ytart"2-tebadecanaylamino-3<^^ 

0-a-D-galacto{^franosyK1-^<)Hi-t:^la:te?^^ Htr4^l)K2S5S,4R)^-«inffio-N-he)QCX)sanoyf-1,3,4KJC^ 
decanetrtol (AQL-586), 

0-a-D-galactopyrano^-(1 ->6)-0-a-D-glucopyranosyK1 -►I )-(2S,3S.4R)-2-^ 
canetriol(AGL-5a4>. 

0^-D-galaaopynBnosyl-(1->2)<3-«-D-galad)C3^^ <T-^1H2S>3S>4R)-2^nBroTh4(H)"2-hyd r aay teU&^ ^ . 
noyQ -1.3.4-octadecanetriol (SI 140B-9), 

0-p-a-gatectoturanosyf-<T-^<)-a43-^ ^-->THZS;3S;4f^-2=»r&fl>*^[[F0^ 
noyll-1»a,4-octadecanetriol (719-7), and 

0-(N-acetyi-2-«Ttino-2<feoxy-a-D-gaiactopyrano^K1->3)<)-[a-0-gtucop^ pyrano- 
syl-(1 -►1)-(2S.3S.4R)-2-amino-N-[(R)-2-hydroxy tetracosanoyl)-1 ,3,4-octadecanetriol (STL-8). 

10025] A particularty preferabte compound used as an active Ingredient in therapeutic agents according to the present 
invention is (2S, 3S. 4R)-l-(a-D-galactopyranosyloxy)-2*hexacosanoy!amino-3,4-octadecanediol (KRN^^^^^ 
[0026] The compounds of formula (I) may be in the form of phannaceutically acceptable nontoxic salts thereof. Salts 
of formula (I) include add added sate, such as salts wth inorganic acids (e.g.. hydrochloric acid, sulfuric acid, nitric acid 
and phosphoric acid) or with organic acids (e.g., acetic acid, propionic acid, maleic acid, oleic acid, palmitic acid, citric 
acid, succinic ackJ. tartaric add, f umaric acid, glutamic acid, pantothenic acid, laurylsulfonic add. methanesutfonic acid 
and phthalic add). 

[0027] The conpounds of formula (I) may be in the form of solvates thereof (e.g.. hydrates). 
[0028] The conpounds of formula (I) can be produced by any purposive method to synthesize a-glycosylceramides. 
(0029] First, a ceran^de nnoiety is synthesized using D-lyxose as a starting material, then a sugar Is introduced into 
this ceran^de to prepare compounds of formula (I). A general method to synthesize such a-glycosylceramides can be 
fourxJ, tor exanple. in WO93/5055. \A/094^168. WO/9020 and W094/24142. 

[0030] The conpounds of formula (I) can also be isolated from natural products (e.g.. biological organisms) and puri- 
fied by column chron^atography or the like. 

Use of conpounds of forn^la (I) 

10031] The present Inventors have found that antitumor cytotoxic activity of NKT cells against tumor cells was 
enhanced when KRN 7000, a r^resentative compound according to the present invention, was adminfstwed to RAG- 
1KOA/a14tgA^p8.2tg mice (Pharmacological Test Example 1). 

[0032] The present Inventors have found that a-glycosylceramides markedly increase the number of NKT cells, par- 
ticularly VaT^ NKT cells and Va-24:*" NKT cells (Pharmacological Test Exanrples 2. 6 and 9). Mouse Va14* NKT cells 
and human Va24'*' NKT cells have been shown to be involved in various autoimmune diseases caused by diff^ent 
causative genes and genetic background as suggested by findings ti^t Va-1 4* NKT cells decrease in autoimmune cSs- 
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ease model mice, that Va24* JaQa T cells disappear in sclerosis patients, and that Va24* NKT cells greatly decrease 
in patients with advanced type I diabetes (Mieza. M.A. et ah, J. Immunol., 156, 4035 (1996): MaWno, Y et al.. Qin. 
ImmunoL. 28, 1487 (1996); Sumida, T et al.. J. Exp. Med.. 182, 1163 (1995); WAson et al.. Nature. 391. 177 (1998)). 
The present inventors also found that when KRN 7000 was administered to MRL tpr/lpr mice, which are considered 
5 model mice for human systemic lupus erythematosus (Sakamoto. A. Clin. Immunol.. 28. 1 558 (1 996)). abnormal swell- 
ing of axillary and Inguinal lymph nodes (accunrtutation of abnormal lymphocytes) was sippressed (Pharmacological 
Test Example 3). The abnormal sw^ling of lymph nodes is a characteristic symptom observed in MRL Ipr/lpr nruce with 
aginp. 

[0033] Accordingly as the first aspect of the present invention, the compound of formula (I), or a salt or a solvate 
70 thereof can be used as agents for activating NKT cells. "NKT cells" as used herein include human Va24"^ NKT cells and 
mouse Va14^ NKT cells. Human Va24'^ NKT cells are a subset of human Va24JaQa T cells and mean Va24'^ doutjie 
negative (CWCDS*) T cells (Dellabona, R et al., J, Exp. Med., 180, 1 1 71 (1994)). Furthermore, the term "NKT cell acti- 
vation" or "activating NKT cell" includes enhancement of cytotoxic activity and stimulation of NKT cell proliferation. 
[0034] As the second aspect of the present inverrtion. the conpound of formula (I), or a salt or a solvate thereof can 
75 be used as therapeutic agents for autoinrTmun& diseases. The term "autdmmune diseases'* as used herein include sys- 
tenr^c lupus erythematosus, systemic sclerosis, ulcerative colitis, multiple sclerosis, encephalomyelitis, type I diabetes, 
chronic articular rheumatism. Sjoegren's syndrome, primary biliary cirrhosis, idiopathic thront)ocytopenic purpura, 
autoimmune hemolytic anenr^ia, myasthenia gravis, sympathetic ophthalmia. Goodpasture's syndrome (e.g.. glomerular 
nephritis^ pernicious anemia, and Hashimoto's disease. The term •^treatment** or Iherapy"* as used herein inclules 
20 "prevention". 

[0035] The compound of fornruila (f) and IL-1Z irttSuce abortion in pregnant mice (Pharmacological Test Example 10). 
Accordingly, as the third aspect of tire presar^inv&itRm; ^ Gm^sjm&c/timrnJia (I) or a salt or a soK/ate therea^ ... 
IL-12 can be used as an agent tor trducing abortion. The om^und of tonrti^ (I) and IL-1 2 can be administered not 
onty to pregnant arannats but atso^ mrtm\ s that^rr getpre^mt P^egrm^ Ksst su$^ess^ by adnwiisterstg the 
2S conrtpouridoftormiia(l)or IL-t2(nadvarK:etoaninriafsthatcangetpregnant Ac^^ 
abortion" means "corrtraceptives". 

IWSS] The compoufKi of forrm^ (t) or asait araad\^ thereof and IL-ie can^befonnutetesci into sustaUedt^^. 
forms depencfing on the medcat treatment, ad mii Kfeba&toii route, arttt purpose ot a iii hmijs Ii at to; ag^ gens^ ' 

suspensions, emutstons. omtnmrts. creams, tablets, capsules, granules, powders, pills, grains,, tro^s, formu^c^ lor 

3u redat a dmi nist ifat i o n, oity supjK^ltorf^ and watengglifclaSLgigiastoies. ' . 

[0037] These various pharmaceutical fornrtulations can be prqoared by converttional methods uang the tollo^«fing 
pharmaceuticalty aoc^t^e vehicles or the Hke: exctpierrts^aich as solvents (e.g., vvater, physotogt^l sdine), buKang 
agents and filling agents (e.g., lactose, starch, crystalline celkilose, mannrtol, maltose, calcium hydrogaTphoaphater - 
soft silicic add anhydride and calcium cartDonate); auxiliart^ su(^ as solubilizing agertts (ag., ethanol and polysol- 

35 vates), binding agents (ag.^ starch, polyvinyl pyn^olidine, hydroxypropyl cellulose, ethylcelluloee, carfcx)xymethyl ceflu- 
lose and gum ar^ic), dtsrrtegrating agents (e.g.. starch and cartx>xymethyl cellulose calcium), lubricating agents (e.g.. 
magn^ium stearate. talc and hydrogenated oil), stabilizing agents (e.g.. lactose, mannitol, maltose, poiysotvates, nnac- 
rogol. ar>d poiyoxyethylene hydrogenated castor oil), isotonic agents, wetting agents, lubricating agents, dispersing 
agents, buffering agerrts and solubilizing agents: and additives such as antioxidants, preservatives, flavoring ard aro* 

40 matizing agents, analgesic agents, stabilizing agents, coloring agents and sweetening agents. 

[0038] tfnec^sary. glycerol, dimethyacetamcle, 70% sodium lactate, surfactants and alkaline substances (e.g.. eth- 
ylen^iarrone. ethanol amine, sodkim cartK>nate. arginine. meglumine and trisaminomethane) can also be add^ to 
various pharmaceutical formulatior^. 

[0039] In the present invention, the conpourd of formula (I) and IL-1 2 can be administered via any purposive routes, 
45 for example, in ttie case of antrrals, intraperitoneai or subcutaneous administration, intravenous or intra-arterial admin- 
istration and local administration by injection. Furthermore, in the case of hunr^ns, intravenous or intra-arterial admin- 
istration, local administration by injection, intraperitoneal or intrathoracic administration, subcutaneous administration, 
intramuscular administration, sublingual administration, percutaneous at)Sorption or rectal administration can be used. 
Intravenous administration is most preferat)ie. 
so [0040] Individual effective components in therapeutic agents of the present invention can be administered continu- 
ously or intermittently depending on individual ^tuations. Actual doses are determined depending on a variety of factors 
such as the methods of administration, the conditions of the patient such as age, body weight sex and sensitvtty, time 
of administration, and other medicaments taken in combination. A daily dose of compounds of formula (1) and lL-12 for 
an adult human, for example for intravenous administration, is generally between about 0.001 and 10 mg, preferat)ly 
55 between 0.01 and 1 mg. The compound of formula (I) is preferatsty fbnmulated imo freeze<iried preparations, which is 
preferabV dissolved injection-giadecSstitled water immediately before administration to patients. 
[0041 ] The present invention provide methods of treating autotmnuine diseases, which comprises the st^ of admin* 
istering NKT cells activated by the corrpound of formula (1), or a ssSt ch* a solvate thereof (activated NKT cells) to mam- 
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mats, including humans. 

[0042] Activated NKT ceils can be obtained by cuituring NKT cells in vitro in the presence of the compound of formula 
(I), or a salt or a solvate thereof. Furthernftore. activated NKT cells can be isolated from the mammal body to which com- 
pounds of formula (I) are administered. 

[0043] NKT cells, which are to be cultured in vitro with compounds of fomnula (I), can be isolated from healthy humans» 
patients or suspected sufferers. For human treatment, NKT cells are preferably human Va24"*" NKT cells. 
[0044] Activated NKT cells can be administered to mammals by inrplanting the activated NKT cells in the animal*s 
body, for exanple, the vein. 

[0045] The present invention provides methods for activating NKT cells, which conprise the step of cuituring NKT 
cells in vitro in the presence of a compound of formula (I), or a salt or a solvate thereof. 

[0046] The present invention provides methods for inducing abortion, which comprise the step of administering the 
compound of formula (I) or a salt or a solvate thereof, or IL-1 2 to mammals, including humans. 

EXAMPLES 

[0047] The present invention is further illustrated by the following examples that are not intended as a limitation of the 
invention. 

:-- ?vnth^st$, igolgtiOP ^nd purffication of compounds Example 1 : Synthesis of f2S.3S.4m-1-ftt-D^ ^l?^tfo f)Yfr^n^Y(T^?^Y)- 
2'hexacosanovlamino-3.4-octadecanediol ^RN 7000) 

[0048] The synthesizing steps are shown in Rgures 10 and 11. 

(1) Synthesis of oamimundQl" > - 

•t • • 

[0049] Sulfuric acid (0.5 ml) was added to a solution of D-lyxose (200 g. 1 .33 mol) in acetone (3.0 L) . which had been 
dried with caldum chloride, attdthe admcaurfevasstoedfor lahcurs ata room temperature^ Molecular6e£es4Apaw- 
der (100 g) was added, the reactiorrmbrture was neutralized, then filtered rjith CeWe. and the rearffeigTesidue\::^ 
washed with-ac^ne. Th e f tttrate and the wash wee csmbin^ and oo ncen ta ie d unde^ \facuum to (Artafli a crude prod- 
uct of G1 . Yi^d 240 q (^%). The product was usaffbrtrte-rrejtrstqrwimoBffcJr^pttff^ A sampte tor assay 
was purified by ^ca, gei chromatography using hexaneiacetone (9: 1) as the elating solvent. 

- - mp76-7a*'G: FDMS m/z 191(M+1)+: ^H-NMR{500MHr.CDCl3) 

. 65-45(1H.d,J=1.eH2).4.83(1Kdd.J«3.7.5.&^r).4.64{TH.d.a=6. 1Hz).4.27-4.30(1H.m).3.90- 
3.99{2H.m>,1.48(3H^), 1.32(3H,s) 

(2) Si^nttTesis ofconpound<32 

tS^BO] Pyridine (10 ml) ancHrityl chloride (39.0 g) were added to a methylene chloride solution (1 68 ml) of compound 
G1 (239 g. about 1.26 mmoQ. and the admixture was stirred for 4 hours at 32»C. Ethanol (8 ml) was added dropwise. 
and the admixture was stirredfar 2 hours at a room tanperature. After washir^wtth an aqueous saturated arrimonium 
chloride solutioa an aqueoi^fi^jrated sodium hydrogencarbonate solution and a ^line solution, concentration under 
vacuum was canled out Thereaiftffig resduewasdissolved in sihyl acetate, coofed to 0 *«and then crystallized. Yield 
501 g (87% from D-lyxose). 

np174-176^:FDMS m/z 432M+: ^H-NMR(500MHz.CDC»3)67.21 -7.49(1 5H.m). 5.38(1 H.d.J=2.4Hz). 
4-75C1Kdd.J=3.7,6.1 HZ). 4.59(1 H.d.J=6. 1 Hz).4.31 -4.35(1 H.m). 3.43(1 H,dd.J:=4,9, 

9.8Hz).3.39(1H.dd.J=6.7.9.8H2). 1.29(3H,s). 1.28(3H.s) 

(3) Synthesis of conpound G3 

[0051] To a THF solution (1500 ml) of tridecanetriphenylphosphonium bromide (962 g, 1.16 mol; prepared by heating 
1-bromotridecane and triphenylphosphine for 4.5 hours at 140 *C), a 2.5 M hexane solution of n-butyi lithium (462 ml. 
365 mmol) was added dropwise at 0 **C under an argon atmosphere. The admixture was stirred for 15 minute then a 
THF solution (450 ml) of compound G2 (250 g. 579 mmol) was added dropwise. This admixture was stired for 18 hours 
while gradually raising the temperature to room temperature. TTie reaction solution was ooncertrated under vacuum a 
mixture of hexanermethanolnwater (10:72. 1000 ml) was added to the residue, and the admixture was washed with an 
aqueous saturated ammonium chloride solution. The water layer was extracted with hexane (500 ml). All the organic 
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layers were combined, dried over anhydrous magnesium suHate, and then concentrated urwJer vacuum to obtain a 
crude product o1 compourKi G3. The product was used for the next step without further purification. Yield 339 g (98%). 
A sample for assay was purified by silica gel chromatography using hexane:ethyl acetate (9:1) as the etuting solvent. 

5 FDMS m/z 598M*; ^H-NMR(500MH2,CDCl3}67.21-7.45(15H.m). 5.48- 

5.59(2H,m),4.91(0.7H.t,J=7.3Hz).4.44(0.3H,t,J=7.3H2), 4.26(0.3H.dd.J=4.3.7.3Hz),4.21(0.7H.dd.J=4.3.6.7H2). 
3.75(0.7H.m).3.69(0.3H,m),3.24(0.3H.dd,J«4.9,9.8H2).3-17 (0.7H,dd.J=4.9.9.8Hz).3-09- 
3.14[1H,{3.11,dd,J=4.9.9.2H2). H1bEoverlapped],1.75-2.03(2H,m).1.49(3H.s).1.39 and 1.38 {3H,each s).1-21- 
1 .34 (20H.m).0.88(3H,t,J=6.7H2) 

10 

(4) Synthesis of compound G4 

[0052] To a methylene chloride solution (1500 ml) of compourd G3 (338 g. about 565 md). pyridine (500 ml) was 
added, and methanesulfonyl chloride (49 ml, 633 mmol) was added dropwise. The admixture was stin-ed for 24 hours 

75 at 31 ''C. Ethanol (40 ml) was add^ dropwise and the adnrsxtura v»as sttrred for 1 hour at a room temperature. After 
concentration under vacuum, a mixture of hexane:methanol:water (10:7:3. 1000 ml) was acUed to the residue for sep- 
aration. The water layer was extracted 3 times with hexane (200 ml). All the organic layers were combined, dried over 
anhydrous magnesium sulfate, and then concentrated under vacuum to datain a aude product of oonpound CB4. The 
product was used for the next stepufithout further purification. Yield 363 g (95%). A sample for assay was purified by 

20 silica gel chromatography using he»ane:ethyl acetate (9:1) aattie-duting sdvent 

FDMS m/z 676Wr: '^tW\5y?R(S)0MK2,CDa3)57.21-T.47(t»^.m). 

5.41 (0.7H.ddd J=5.5.9.2,1 1 .OHr).5.32(0.7H,bt J=1 1 .0Hz).5. 
22(0.3H.bdd,J=9.2.15.0H2),5.02(a-3H,dt,Jt=73HzJd=r1SOH4. 
25 4.8(0.7Hddd.J=3.1,5.5.7.9H2).4.73(0.7H.dd,^.5.9.8H^. 4.6«-4;S7(0.SKm),4.6t(0.3Kdd.J«5.5,9.2H^, 
4.48(0.7H,dd,J=5.5.7.9H2).4.22(0.3H4£U=5.5,9.2h^. 3^0-3H.dd.J=2.4,1 1 .5Hz).3.45(0.7H,dd,J=3.2.1 1 .OHz). 
3J16-3-12{4K(3.12,S).(3.11.S).(3.0&,cScU?=3-UttJi*^ %JS&'lJB2{2Hsn)X^ arat 1.46(aKeach s),1.3a(3H^ 
1.13-1.35(20H.m).0,88(3H,t;J=6^Hz) 

[P^Sr "lb a matfTyf ene chT or f de solution (1500 tvA) of conpound Q4 (362 g, ^tx3ut536 moQ. mettwrof (350 rri) was 
added, therr concentrated hydrochloric add (200 ml) was added dropwise. The admbctur© was stirred for 5 hours at a 
room tenrperature. The reaction solution was neutralized by adding sodium hydrogencartjonate, then filtered. The ffl- 
35 trate was concentrated under vacuum and ethyl acetate was added to the resulting residue and washing was canied 
out with a saRne solution. The water layer was extracted with ethyl acetate, all the organic layers were conrfcined, dried 
over anhydrous magnesium sulfate, then concentrated under vacuum. Crystallization was carried out with hexane. 
Yield 161 g (70% from Q2). 

40 mp66^7»C;FDMS m/z 377(M-H20)+: ^H-NMR(500MHz.CDCl3+D2O) 

55.86(0.3H,dt.Jt=7.3Hz.Jd=14.7Hz).5.77(0.7H,dt.Jt«7,3,Jd= 

10.4Hz).5.55(0.3H,br.dd.J=7.3.14.7Hz).5-49(0.7H.bt.J=9.8H z).4.91- 
4.97(1H.m).4.51(0.7H,bt.J=9.8H2).4.11(0.3H.bt. J=7.3Hz),3.94-4.03(2H,m).3.67-3.73[1H,(3.70.dd.J=3.1. 
67H2).(3.69.dd.J«3.1,7.3Hz)].3.20and3.19(3H,eachs).2.05-Z22(2H,m),1.22-1.43(20H.m),0.88(3H, 

45 

(6) Synthesis of conpound G6 

[0054] To a THF solution (780 mi) of compound (55 (160 g. ^ut 405 mol). 5% palladium-barium sulfate (16 g) was 
added. After replacing the air in a reaction chamber with hydrogen gas, the adnruxture was stirred for 20 hours at a room 
50 tenperature. The reaction solution was filtered using Celrte, then washed with a mixture of chloroformTnelhanol (1 :1). 
The filtrate and wash were connbined and concentrataJ under vacuum. The resulting residue was crystallized with ethyl 
acetate. Yield 146 g (91%). 

[ a Pd+12 * (c1.CHCl3yMeOH=1:1):nrtp124-126^C:FDMS m/z 397(M+1)*:^H- 
55 NWIR(500MH2.CDCl3/CD3ODa1 : 1)64.93-4.96(1 H.m. 

H2).3.91(1H,d4J=6.7,12.2H2).3^(tK,dd^=4.9,12.2Hz),3.5 4-3.60(1 H.m).3. 50 (1 H.dd.J=1 .8.8.5Hz), 3.19 
(3H.S). 1 .75-1 .83(1 H,m).1 .53-1.62(1 H,m),1 .21 -1 .45(24H.m).0.89 (3H.tJ=6.7Hz) 
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(7) Synthesis of conpound G7 

10055] To a DMF solution (1000 ml) of confTpound G6 (145 g. 365 mol), sodium azide (47 g. 730 mmol) was added, 
and the admixture was stirred for 4 hours at 95 *C. The reaction solution was concentrated, ethyl acetate was added to 
the resulting residue and washing was carried out with water. The water layer was extracted again with ethyl acetate. 
All the organic layers were confined, washed with a saline solution, dried over anhydrous magnesium sulfate, and then 
concentrated under vacuum to obtain a crude product of compound G7. Yield 122 g (97%). The product was used for 
the next step without further purification. Yield 126 g (95%). A sample for assay was purified by silica gel chromatogra- 
phy using hexane:ethyl acetate (9:1) as the eluting solvent. 

[ a ]2V1B5 - (c0.5,CHCl3-MeOH.1:1);rTp92-93«C:FDMS m/z 344(M+1)-^ ;^H-NMR(500MH2.CD3OD) 
S3.91(1Kdd.J=3.7.11.6H2). 3.75 (1H.dd.J^7.9.11.6Hz). 3.49-3.61 (3 Km). 1 .50-1-71(2H.m). 1.22-1.46(24H.m). 
0.90(3H.tJ=6.7Hz) 

(8) Synthesis of conpound G8 

[0056] To a methylene chloride solution (750 ml) of conpound Q7 (121 g. about 352 mmol). pyridine (250 ml) and 
trityl chloride (124 g, 445 mmol) were added, and the admixture was stirred for 16 hours at a room tenperature. Ethanol 
(30 ml) vaaa added dropwise. The admixture was stinredfor 30 minutes at a room temperature, washed with an aqueous 
' saturated sodium hydnDgencarbonate solution, an aqueous saturated ammonium chloride solution and a saline solu- 
tion, dried over anhydrous magnesium sulfate, and then concentrated under vacuum. The residue was purified by siteca 
gel chromatography using hexanerethyl acetate (10:1) as the eluting solvent Yi^d 34.4 g (52% from G6). 

[ a ]2Vlt.9* (c0.aCHCIa).FDWLS m/z SSIVT; ?H^NMR(500MH2;(axa34f]yD)57.2^7^1(15HPft 
3.66(2H.m). 3.5t-3J57(2H^,3.42(1 KdcW=e.0.10.4Hz).f .23-t,56(26am). 0^3H.t.J=6.7Hz) ' 

:{9) Synshesi&oi cotnpffiind 09 

[00571 To a DMFsoiution (30Omf) of compound G8 (335 g, 57.3 mmol). 60%hydroger»tedsodtum{5.5 g. about 138 . 
mmol ^ f^aH) wasaddect, and-^e adrrorture wasstmst lor 40 nrnrate^a faamtemperetore*- TPtercactorsolufon 
was cooted to 0 and benzyl chloride (15 nri. 120 mmol) t»as added dropwisa The admixtiHe was stirred for 18 hours 
while gradbaRy raiSBig tfie temper^iffa' to a rac»n temperature. Ice \;ifater (100 >nf> was atJded to the reacttotrr solution. 
After the reaction was stopped, extractian was canied out using ethyl acetate. The extract was washed 3 times with a 
saline solution, and all the organic layers were conisined. dried over anhydrous magnesium sulfate, and then concen- 
trated under vacuum to obtain a crude product of conpound Q9. The product was used for the next step v«thout further 
purification. Yield 42.2 g (96%). A sample for assay was purified by silica gel chromatography using hexane:ethyl ace- 
tate (1 00 : 1) as the elutrng solvent. : 

I a (c1.0.CHa3).FDMS m/z 738(M-N2)*: ^H-NMR(500MHz, CDCl3)67.07- 

7.48(25Km).4.57(1H.d.J=11.6Hz).4.44(1H.d. J=1 1.6Hz).4.41(2H,s).3.73-3.79(lKm).3.46-3.56(2H.m).3.37 
(1H.dd.J=8.6.10.4Hz).1.2C>-1.64{26H.m).0.88(3H.t,J=6.7Hz) 

(10) Synthesis of compounds GIO and Gl 1 

[00^ To a 1-prcpanol solution (250 ml) of compound G9 (41 .2 g. about 54 mmoO. methanol (30 ml) was added, and 
further 5% palladium carbon (4.1 g) and ammonium formate (27.1 g. 4.3 mol) were added. After stimng for 16 hours at 
a room temperature, the admixture was diluted with ethyl acetate and filtered with Celita The filtrate was concentrated 
under vacuum, and the resulting residue was dissolved with ethyi acetate and wash^ 3 times with an aqueous satu- 
rated sodium hydrogencarbonate sofution and a saline solution. All the organic layers were combined, dried over anhy- 
drous magnesium sulfate, and then concentrated under vacuum to obtain a crude product of GIO. Yield 38.9 g (98%). 
G10 thus obtained was used for the next step without further purification, 

[0059] To a methylene chloride solution (300 ml) of conpound Gl 0, hexacosanoic acid (22.4 g, 56.5 mmol) and WSC 
hydrogenchloride (12.6 g. 64.6 mmol) were added, and the admixture was fluxed for 2 hours while heating. The mixture 
was cooled to room tenperature and concentrated under vacuum. Ethyl acetate (500 ml) was added tothe reskSue, jetd 
washing was can-ied out with an aqueous 0.5 M hydrochloric acid solution, a saline solution, and an aqueous saturated 
sodium hydrog^icarboTratesolutiorT, amttiffttenftrith a saline soluton. AB the crganic layers were combinKl, (fried ©rer 
anhydrous magn^um sulfate, and then concentrate under vacuum to obtain a aurfe product of conpound Gl 1 . Yield 
53.2 g (88%). Gl 1 thus obtained was used tor the next step without further purification. A sample tor assay was purified 
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by silica gel chromatography using hexane:ethyl acetate (100:1) as the eluling sdverrt 

[ a fV5*3 " (c0.4.CHCl3);FDMS m/z 1118M*; ^H-NMR(500MH2, CDCl3)67.20- 
7.38(25H,m),5.57(1H.d.J=:9.1Hz).4.80(1H.d, J=11. 6Hz). 4.48-4.50(3 H,m).4.24-4.32(1H,m).3.83(1H,dd, 

5 J=3.0,6.7Hz).3.43-3.51 (2H.m,H1 a),3.29(1 H,cld. J=4.3,9.8Hz). 1 .92(2H.t,J=7.3Hz). 1.28-1 .60(72H.m). 

0.88(6H.tJ=6.7HZ) 

(11) Synthesis of compound Gl 2 

10 [0060] To a methylene chloride solution (180 ml) of conpound Gil (52.2 g, about 47 mmol), methanol (36 ml) was 
added, then a 10% methanol chloride solution (3.0 ml) was added dropwise, and the admixture was stirred for 2 hours 
at a room temperature. The reaction solution was neutralized with sodajm hydrogencartX)nate powde- (18 g) and fil- 
tered with CelitG. The residue was washed with methylene chloride. The filtrate and wash were combined and washed 
with a saline solution. The organic layer was dried over anhydrous magnesium sulfete. and then concentrated under 

15 vacuum. The residue was dissolved in acetone while heating, and the solution vvas cooled to D arrd purified by pre- 
cipitation. Yield 38.6 g (77% from 09). 

[ a ]2V29,r» (c0.7.CHCl3);np75-76.5*C;FDMS m/z B78M+; ^H-NMR (500MHz.CDCl3)67.30- 
.47(1 0H.m).6.O3(1H.d,J=7.9Hz) .4,72(1 H . A J=1 1.6Hz). 4.66(1 H.d,J=1 1 .6Hz),4.61 (1 H.d.J=1 1 .6Hz).4.45 

20 (1 H,d,J=1 1 .5Hz).4. 1 2-4.1 7(1 H.m)AO0(1 H.dt Jt=4.3, Jd«7.3Ha:).3.67-3.72{2H.m),3.61(1 H.ddd,J=4.3,8.6.1 t.6Hz), 
1-94-2.05(2H,m).1.15-1.69(72Km),0.88(6Kt.J=6.1Hz) 

(12) Synthesis of conrpoundG13 ^ ; * / 

1) 2,3 A6-tstra<>-benz^-D-gaiacSi:^3$nBrKSsyta£state (79^^.-g^ x:yas c&sso&ved on et nsKtureof toluene (160 cnl) airtd 
isopropyl ether (520 ml), and tfre solution^was ccoted to -10 to 0 **C. To this soJution, an isoprcw' ether solutfort (2.8 
imK^. about 100 ml) cm tainin g 2.0 equivaient volumes of HBr was added. Afta* stirring for about 90 nrttnutes at 
317 -10 to 0 an aqueotg 5% sorfftgrr hy d< ugex wku borf tdtt egoi^itforr ^gas poured inta the reaction sotutioa and eac^- 
sive HBr was neutralized by stirring. The whole volume was transferred into a s^jaration funnel for separation, then 
tfT© water layer was tfiscarded and washing was carried 2 times with an aqueous 10% sodium chloride solution. 
After concentration under vacuum. 2.3.4.6-tetra-O-benzyl-a-D-galactopyranosyl bromide (Gal Br) was obtained as 
a syrup. 

35. 2) DMF (140 ml), tiien atoluene solution (250 ml) of Gal Br (about 1 37 mmol) were added to a toluene solution (420 
nr*> d corrpound G12 (6Q.0 g. 68.6 mmol). tetrahexyiammonium bromide (89.4 g, 206 mmol) and nraiecular sieves 
4A (60 g). The arfrrrocture was stirred for 72 hours at a room tennperature. Methanol (12 ml) was added to the reac- 
tion sofution, and the adnrrixture v^s stirred for 2 hours. Filtration with Celite and washing vnth an aqueous satu- 
rated sodium hydrogencarlaonate solution and a saline solution were followed by drying on anhydrous magnesium 

40 sulfate and concentration under vacuum. Acetonitrile was added to the resulting residue and the admixture was 
sttrred for 2 hours. The resulting precipitate was dried under vacuum to obtain a dry powder. This powder was puri- 
fied by silica gel chronr^graphy using hexane:ethyl acetate (8:1) as the eiuting solvent. Yield 70.9 g (74%). 

I a PVlSS" (c0.9,CHCl3);mp74-75*'C:FDMS m/z 1399(M+ir: ^H-NMR(500MHz.CDCl3)67.21- 
45 7.37(30H,m).6.12{1H,dJ=9.0H2).4.91(1H,d,J=11.6Hz).4.84{1 H,d,J=3.7Hz),4.72-4.80(4H,m),4.35- 

4,65(7H,m),4.12-4.18 (1 H,m).3.99-4.05(2H.m),3.84-3.93(4H,m).3.73(1 H,dd.J=3.7. 1 1 .0H2),3.47- 
3,51(2H,m).3.42(1H.ddJ=6.1.9.1hl2).1.87-1.99{2H.m),1.18-1.70(72H.m),0.88(6H,tJ=7^^ 

(13) Synthesis of compound KRN 7000 

50 

[0062] Compound G13 (60.0 g, 42.9 mmol) was added to ethanol (960 ml) to make a suspension, to which an elhanol 
suspension of 20% hydroxy palladium (6.0 g) viras added. Further, a hydrogen source, 4-melhytcyclohexene (120 ml, 
93.5 nrvrtol) was added. After fluxing for 4 hours while heating, filtration was earned out, and the solvent was removal. 
The residue was wash^ with heated ethanol. The filtrate was allowed to stand at a room tennperature to obtain a white 
55 precipitate, and the precipitate was f ater^ and dried under vacuum. The resulting powder was su^ended in etha- 
ndnwater (92:8, 3.5 4 and dissolved heat while stirring. The sohition \aas allowed to stand to oblain a predpltate 
again. The solution with the precipitate was filtered, and the filtrated cake yfms dried urrder vacuum to oblain a white 
powder. Yield 35.0 g (95%). 
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[ a Pd+43.6 ° (c1.0.pyridine);mp189.S-190.5*»C; negative FABMS xr\h, 857(M-H)MR(cnT 
\KBr)3300.2930.2850,1640,1540. 1470, 1070;^ H-NM R(500M Hz. C5D5N)S8.47{1Kd,J=a5Hz) 

5.58(1H.d.J=3.7H2),5.27(1H.ni).4.63-4.70(2H,m),4.56(1H,m). 4.52(1 H.tJ=6.1 H2).4. 37- 

4,47(4H.m)A33(2H.m).2.45(2H.t, J=7.3H2).2.25-2.34(1H.m).1 .87-1 .97(2H.m),1.78-1,85(2Km), 1.62- 
1.72{1H.m).1.26-1.45{66Km). 0.88{6H.tJ«6.7H2).'*3c- 
NMR(125MH2.C5D5N)5173.2(s),101.5(d).7B.7(d)73.0(d)72.5(d) 

.71.6{d).71.0(d)70.3(d).68.7(t).62.7(t).51.4(d).36.8(t). 34.4(t),32.1(t).30.4(t).30.2(t),30.03(t),30-00{t),29.93(t), 
29.87(t),29.81(t).29.76(t).29.6(t),26.5(t),26.4(t)22.9(t),14.3(q) 

Example 2: Isolation and PUrificatiQn of aa-D-QalactopvranQsvl.(1- »2 ).Q.<i.D.galactopvranosvi-n-^1^-f2S,3S.4R^ 
amino-N*fmV2-hvdroxvtetracosar^vr|-1 3.4H3ctadecanetriol (S114QB-Q) 

[00S3] A freeze dried powder (447.1 g) of sponges, wttch were harvested at a depth of 15-25 m from the sea near 
Kume Island of Okinawa Prefecture, was extracted with a mixture of chloroform and methanol then the extracted liquid 
was concentrated ureJer vacuum to obtain 51 .28 g of extract. The extract was partitioned with ethyl acetate and water, 
and the ur^er layer and the middle layer were dried over anhydrous sodium sulfate and concentrated under vacuum to 
(Stoin 18.37 g and 9.44 g of fractions, respectively. An alcohol layer, which was obtained by partitioning the fraction 
obtained from the upper layer with 10% aqueous methanol and n-hexane, and the fraction obtaned from the middle 
layer were conrtoined and concentrated. By repeating silica gel chromatography, 169.9 mg of a single active con^nent 
■ on normal phase TLC was obtained. Further purif icalion «as carried oit by reversed phase HPLC using an ODS-AM 
column (a product of YMC. 250 mm x 20 mm diamieter. onethanci 9.0 mUttan) (retention time: 30.3 minutes) to obtain 
10.2 mg of the purifred title compound(Sl 140B-9)l 

[00S4] The title compound can also be isolated and purified by tha meahoddKCribed in F. Catfierl et al., Uebigs Anrt. 
Chem. 1 995.11477-1481. 

negative FABMS m/z 1007[(M-Hn;IR:^HNMR(500R/IH2,C5D5N.24<»C) 

fi(ppil48.55(1KAJ=9.2HzJ^t«i6Q(1KdJ^7H2>+l7*57( 
: 1HAJ=3.7Hz.H1"').5-13(1H.m,H2),4.75(1KddJ^.7,10.4H2. H21,4.62(2Hr?9AS€(4H.n^4^ 
4.47(10Km),2.l7(2H.m>.1.9^tH.m)^ ®5(2H^1.12-1.49(60Km).0.85CeH.m,ti^nwiar 
mett^^-= NWR(T25MH2,C5D5W,45»C)5(ppm)17&5(5,Gn,99.5(ctc^ 
6(d,Cn,76.7(d.C2'%7a0(d,C3),72.8(d.C4).72.6(d.C51. 72.6(d.C41,72L5(d;a),71^d,C3-7Jr0(d)J0.8(d).7a; 
5{d.C21,6a7(d,C3138.6aC1),62.7(t).62.5(t).51.2(t C2).39jKt).35.6(t),33.7O.322(Q.30-5(t).3O.3(!),Stt( 
ti,3Q.0(t)J29.7{t),29.6(t).26.7{t).26.0(t),23.O(t),22.9(t). 14.3{q,te7minal msthyl) 

Exampte 3 

[0085] The fottowing conpounds were synthesized according to the methods described in the references given on 
the right column. 



Conr^und name 


Reference 


(2S,3R)-1 -(a-D-gaiactopyranosyloxy)-2-tetradecanoylamino-3-octadecanol (AGL-517) 


WO93/5055 


(2S.3R)-1 ■(a-D-glucopyranosyloxy)-2-tetradecanoylamino-3-octadecanol (AGL-563) 


WO94/9020 


(2S,3R)-1 -(e-deoxy-a-D-gaiactopyranosy laxy)-2-tetradecanoylamino-3-octadecanol (AQL-571) 


WO94/9020 


(2S,3R)-1-(p-L-arabinopyranosyloxy)-2-tetradecanoylamino-3-octadecanol (AGL-577) 


WO94/9020 


0-a-D-galactopyranosyl-(1^)-0-a-D-gaIactopyranosyl-(l-->l).{2S.3S.4R)-2-amino-N-hexacosa- 
npyl-1 .3,4octadecanetriol(AGL-586) 


W094/24142 


0-a-D-galaclopyranosyl-(1->6)-0-a-D-gluco pyranosyl-(1 ->1)-(2S.3S.4R)-2.amino-fM-hexacosa- 
noyl-1 ,3,4-octadecanetriol(AGL-584) 


W094/24142 


0-a-D-gaIactof uranosyI-(1 -►3)-0-a-D-galactD pyranosyl-(1 -^)-0-a-D-galactopyranosyi-(1 ->1 )- 
{2S.3S,4R)-2-amino-N-[(R)-2-hydroxy tetracosanoyl]-1 .3.4-octadecanetriol(719-7) 


W094/24142 
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(contirujed) 



Compound name 


Reference 


0-(N-acetyl-2-aminD-2<leoxy-a-D-galacto pyror«)syl-(1 ->3)-0-[a-D-g!ucopyranosyl-(1 ->2)]-0-a-D- 
galactopyranosyl-(1->1)-{2S, 3S.4R)-2-amino-N-((R)-2-hydroxy tetracosanoyO-1 ,3,4-octadecane- 
trioI(STL-8) 


W094/24142 



[0086] Relations between compounds of formula (I) and the conrpouTCls described in the exanple merrtion«J above 
are shown in TaWe 1 . 
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BfotoofcatT^ . > 

Phamiaooteqtcaf Eya mbfe t : Enhancina efffect of KRM7000 on cvtotaxic activfty of MKT cefls aomnst tumor ceBs : 

[0CS7] The following esxperiment was carried out using the compound off Example 1 (KRN 7000) as a rep7esOTtativ& 
glycos(d»c.corr^3ound of the present Invention. 

[0CS8} A vehicle (phystotogical saline containing 0.025% Polysolvate 20) or 100 ^g/kg of KRN 7000 was intravenously 
administered to RAG-1KQ/Va14tgA/p8.2tg mice (bearing a large number of NKT cells but not B cells. T cells or NK cells 
in their lynphocyte fraction), and 24 hours later, the spleen was taken out from each mouse to prepare spleen cells tyy 
con\^aittonal methods RAO-1IO/Va14tgA/p8.2tg mice were established by deletion of the RAG-1 gene and forcQsle 
expression of Va14 and Vp8.2 gene (Kawano T et at.. Science. 278, 1626-1629 (1997)). These mice are available from 
Masaru Tanfguchi, Schoot of Medicine. Chiba University. Cytotoxic activity of these ^ieen cells to mouse lymphoma 
YAC-1 cells was stulied by the. 4 hour-^''Cr-r^ease method (Kobayashi. E. et al.. Oncology Res.. 7. 529 (1955)). 
Resufts are shown in Rgur&l. 

[00S9] As shown in Figure 1 , cytotoxic activity aganst YAC-1 cells was significantly higher in the spleen cells prepared 
from the mice to which KRN 7000 was administered than in those prepared from the mice to which the vehicle was 
administered 

[00701 These results indicate that KRN 7000 enhances cytotoxic activity of spleen NKT cells against tumor cells, con- 
sidering that RAG-1 K0/Va14tg/982tg mice bear a large number of NKT cells but no B cells. T cells or NK cells in the 
lymphocyte fraction of the ^leen cells. 

[0071] The results mentioned above indicate that KRN 7000 has an ability to enhance lytic activity of NKT cells 
against tumor cells. 

Pharmacological Test Example 2: Stimulation of sdeen NKT ceH proiifer ation bv KRN 7000 

[0072] A vehicle (physiological saline solution containing 0.5% Polysolvate 20) or 1 , 1 0 or 1 00 ng/kg of KRN 7000 was 
intravenously adntinistered to C57BU6 mice(J^3an SLC. Inc.). and the spleen of individual mice was taken out after 24 
hours to prepare spleen cells by conventional methods. These spleen cells were incubated in a plastic dish for 30 min- 
utes to prepare nonadherent cells. By removing 6 cells in this nonadherent ceHs. a tyrrphocyte traction was prepared. 
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T cells. NK cells, NKT cells and Va14* NKT cells in this fraction were analyzed by the 3-color FACS analysis using the 
FITC-labeled anti-TCR ap monoclonal antibody (Pharmingen), cychrome-labeled anti-NKI.1 monoclonal antibody 
(Pharmingen) and PE-labeled anti-Va14 monoclonal antibody (Figure 2). The anti-Va14 monoclonal antibody was 
obtained by implanting anti-Va14 monoclonal antibody producing hybridomas (CMS-1; available from Masaru Tan- 
5 iguchi et al, School of Medicine, Chiba University) in nude mice and recovering ascites from the animals to purify the 
antibody. In Figures 2A and 2B, the numbers of NK1.1 cells, TCRap cells and Va14 cells in the tynrtphocyte fraction 
were expressed as fluorescence intensity of the labeled arttbodies against these cells. 

[0073] As ^own in Rgure 2A. a marked increase in the rate of NK1 .1 TCRap* cells In the spleen lymphocyte fraction 
was observed in animals to which 100 ng/kg of KRN 7000 were administered as conrpared with animals to which the 
10 vehicle was administered. 

[0074] As shown in Figure 2B. an increase in the rate of Va1 4* cells in NK1 .1 * TCRap* cells was clearly observed in 
animals to which 1 0Ong/kg of fCRN 7000 was administered as conpared with animals to which the vehicJ© was actrnm- 
rstered. 

[0075] Furthermore, as shown in Figure 2C. the numbers of NK cells in the spleen lynrphocyte fractions from the mice 
15 to which 10 or 100 ng/kg of KRN 7000 is administered is equal to those from the vehicle-administered mfee. However, 
an about 2-fold inaease in the nuntjers of lynnphocyte fractions and T cells was observed in the KRN 7000-adminis- 
tered mice than the vehicle-administered mice. Further, the numbers of Va14" NKT cells and Val4* NKT cells in the 
spleen lymphocyte fraction from the KRN 7000-administered mice increased ^ut more than three times (data not 
sho&n) ard more than four times, respectively* as compared with those from the vehicle-administered mice. 
20 [00761 Further, analyses of Tcells, NK cells, Vat4- NKT cells and Va14+ NKT cells in the liver showed a marked 
increase in the numbers of Va14' NKT cells and Va14'^ cells by KRN7000 adnrvnistraton, sitnilarly to thecasaof the . 
spleen (data not shown). 

[0077] The results mentioned above indicate that KRM 7000 has an ability to increase the nunrti)er of NKT cells, par- 
ticularty VoW-* NKT ce8sv imhebody: 

25 ■ ' - . ~ 

P hg r m a coloqicgl Tggt Example 3: SuDPr^ion of Ivmph node swellino in MRL torte mice bv KRN 7QQ0 

[0078] Ten animals per group dtiemaUB MRL ^pr/lpr inpce(Sstemota A.t3irT. IrnTntDTOl., 2©, lS®B (T9e6>). mreused 
tor the following experirrtent During the obsenmtion of at MFO. 
■ 30 Bs^wfy lymph nodes reoognizeimone mais&m the agsF of- 10 AocoKfer^, the ottwr 20 rrtc&OTre ran- 
domly divide into 2 groups. A vehicle (a p^iological saline solution containing 0.025% Mysdvale 20) or KRN 7000 
(1 00 jigftg) viaslnbapei iluneaify adrninisteredlwtce a weeti^ (wr Tuesday and Friday to the ^bovementicnsrf 2 groups 
of animals starting from th&age of 1 1 weeks. Axillary and inguinal lyrrph nodes were exanrined twice a week to obser/e 
the progress of tymph node swelling with time. The lynph nodes were scored mto 4 grades, i.e., -(0), +(1), i-KS) and 
35 -m-(3) as a function of size. The total scores of both right and left skies of the axillary lynrph node (A) or inguinal lymph 
node (B) were expressed as lymph node swelling indexes as shown In Rgure 3. 

[0079] As shown in Figure 3 A, the swelling in the axillary lynph nodes In MRL mice wHh aging was clearly suppressed 
by the administration of KRN 7000. Further, as shown in Figure 3B, the swelling in the inguinal lyrrph nodes in MRL 
mice with aging was also cleariy suppressed by the administration of KRN 7000. In other words, KRN 7000 clearly has 
40 a capability to suppress lymph node swelling in MRL mice. 

[0080] The MRL mouse is a mode! mouse for human systemic lupus erythematosus (Sakamoto. A., Qin. Immun., 28. 
1558 (1936)). The results mentkmed atxwe indicate that KRN 7000 Is effective In treating systemic lupxjs erythemato- 
sus. 

45 PhamrracoloOTcal Test Example 4: Effect of KRN 7000 on sun^i val period of MRL Ipr/lpr mice 

[0081 1 Ten animals per group of female MRL tpr/lpr mice were used for the following experiment. MLR mice purchased 
at the age of 4 weeks were randomly divkied into 2 groips (10 animals per group). A vehicle (a physiological saline 
solution containing 0.025% Polysolvate 20) or KRN 7000 (100 ^ig/kg) was intraperitoneally administered twice a week 
50 (on Tuesday and Friday) to the animals starting from the age of 5 weeks. Survival of the animals was obsen/ed every 
day. 

[0082] As shown in Figure 4, three mice to which KRN 7000 was administered survived even at 350 days after the 
start of the administration, while all the mice to whrch the vehicle was administered cfied within 250 days after the start 
of the administration. 

55 

Pharmacological Test Example 5: Siaoression of 4% DSS-ind uced mouse colitis bv KRN 7QQQ 

[OQQZ] Ten animals per group of CDF1 mice (6 we^ of age, females) (Japan SLC Inc.) were used tor the following 
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experiment. Day 0 was defined as the day when a 4% DSS solution (4% (w/v) dextran sodium sulfate (DSS) dissolved 
in water) was first provided as drinking water The antnnals were divided into 3 groups, i.e., a group to which 100 jig/kg 
of KRN 7000 were intraperitoneaily administered on days 1 , 5, and 9. a group to which 1 ng/mouse of IL-12 was intra- 
peritoneatly administered on d^ 1,3,5,7 and 9, and an untreated (control) group. Body weight was measured ar>d 
5 survival or death of the animals were observed daily. Changes in body weight arKi survival rate are shown in Figure 5A 
and 5B. respectively. 

[0084] As shown in Figure 5A. weight loss was ol>served at an extremely early period in the IL-12-administered g-oup 
as compared with the control group. However, weight loss was obviously observed at a later period in the KRN 7000- 
administered group as compared with the control group. 
10 [0085] Furthermore, as shown in Figure 5B, the survival period of the I L-1 2-treated mice was significantly shorter than 
that of the control group. However, the survival period of KRN7000-treated mice was significantly longer than that of the 
control group. 

[0036] 4% DSS-induced mouse colitis is a model for human ulcerative colitis (Elson, C. et al., Gastroenterology. 109. 
1344 (1995)). Accordingly, the results mentioned above indicate that KRN 7000 is effective in treating ulcerative colitis. 

15 

Pharmacological Test Example 6: Stimulation of NKT cell proliferation by compounds havlna a-qlvcosvlceramide struc- 
ture 

[0087] Stimulation of NKT cell proliferation by con^unds having an a-glyccsylceramide structure was studied using 
20 spleen cells of RAG-1 KOA/al 4tgA(pa2lg nr^ce shown in Pharrracological Test Example 1 . 

[0(388] Spleen cells were prepare! from the spleerr of RAG-1 KDA^a14tgA/p8.2tg mice by corverrtional m^hods. 

These spleen ceils were suspended at 2 x 1 0^ cellsAnl in an RRWf T©W nrrecSium supjrtensTtKi with 10% FCS, anrf tOO 

^il each of the suspension were plated into wells of 96-well round-bottomed plates. Ten different kinds of conrpounds 

having anxt-glyccsyfceranMe.structure shown in Rgur&tZt^e^ddedtQth&s^ellsctf theplates.alafmMaHicentiato 
25; ot 1, to or 100 ngM, and the plates were incubated for2 days: Sixteen hmjrs after the ad dilic w y of f h? thymidrne (0.5 

fiCt/w^I), the c^ls were harvested. The anwunt of [^HJ thymidine incorporated into lha cells was meaaired by a liquid 

&antiUation.counter..Resutts araslTKEmiiilal^^ 



Table 2 



35 



Sanple 


pHJ Thymidine iTCorporaticn (qam) 




1(no/ml) 


10{ngAnl) 


100(ng/ml) 


Vehicle 


2090 


2056 


2014 


KRN7000 


40064 


74669 


102543 


AGL517 


3176 


15583 


83169 


AGL563 


2063 


3773 


13131 


AGL571 


3969 


17848 


118092 


AGL577 


2083 


7792 


49701 


AGL586 


5137 


39750 


102425 


AGL584 


29331 


65084 


96783 


S1140B-9 


3387 


10265 


49520 


719-7 


5287 


30179 


60528 


STL-^ 


4761 


26474 


47141 



so 

lOQSQ] As shown in Tattle 2, all the conpounds ^txDve were revealed to have a signif icant activity to stimulate NKT cell 
proliferation at a concentration of 100 ng/ml as compared with the vehicle-added groi4). 

[0090] The results mentioned above indicate that glycosidic conpomds having an a-D-glycosylceramide and glyco- 
sidic confounds having a-D-glycosylceramide, in which other sugar is bound to its sugar moiety, are effective in tireat- 
55 ing eiutoimmune diseases. 



17 



EP09d8 860A1 



PharmacoloQrcal Test Example 7: Suppression of the onset of experimental antoimmune encephalomyelitis bv KRN 
7QQ0 

[0091] Ten animals per group of 0576176 mice (6-week-old females) were used for the following experiment. 200 ^g 
of a partial peptide of myelin oligodendrocyte glycoprotein (MOG33-55) and 500 ng of Mycobacterium tuberculosis 
H37Ra were added to Freund's incomplete adjuvant to prepare an emulsion. Mice were immunized by subcutaneousiy 
injecting this emulsion on day 0 and day 7. Further, 500 ng of pertussis toxin were intraperitoneally administered on day 
1 and day 2 to induce experimental autoimmune encephalomyelitis (EAE) in mice. The animals were divided into 2 
groups, i.e.. a group to which 20 jig/kg of KRN 7000 were intraperitoneally administered on days l , 5, 8. 12 and 15 ard 
a group to which a vehicle (0.5%. Polysolvate 20) was administered in a similar manner. The level of EAE symptoms 
was observed every day. The le/el of EAE symptoms of individual mice in each group was shown in Figure 6. 
[0092] As shown in Figure 6. in the vehicle-administered group (Figure 6A), all the mice showed the EAE onset within 
15 days after the first MOG peptide immunization, and 80% of them ded. However, in the KRN 7000-administered 
group (Figure 6B). 4 out of 1 0 mice showed the EAE onset, and only 2 of them died. 

[0093] The results mentioned above indicate that KRN 7000 suppressed the EAE onset in mice. The EAE is a model 
for human multiple sclerosis (MS) (Autoimmune Disease Models, edited by Ctohen I.R. and Miller A., Academic Press. 
Inc. (1 994). Chapter 1 . p. 1 ). Therefore, the results mentioned above indicate that KRN 7000 is effective in treating mul- 
tiple sclerosis. 

Pharmacolooical Test Ex periment 8: Suppr^ion of mouse diabetes onset bv KRN 7000 

[OCa^ Ten animals per group of NOD/ShiJic (NOD) mice (6^eek-oId, iemsA^ (J^paraea, Inc.) wsreiissf fty the.: 
loltowingexpeciment. NOD rrtce shows the onset of diabetes with aging. The animals were divided rpto two groups, i.e.,-. 
one-up to wfBcfa 100 jig/kg ol KRM 7QQQ were intraper ^eatt^ admarBSteecttBtfice a.\s«ek starti^ tram 7-oaebs ' 
age, and an untreated controtgroup. Ihe presence and ^ence of di^aetsc synpfonts was examinet^ every week. The 
blood glucose level was measured wr\g a glucometer (Miles Sankyo). arej mice showing the value of more than 200 
mg/dL twice consecutiveiy were cfiaQrK)sedto be^^£fiabetic*Fi^e.7.tfm!as tte incidence crf.didtjeaic mffietn the too 
groups. 

[00951 As shown en Ffgi^e 7» none of the KRN 7000-adiTOnistered mice became diabetic even atlhe age of 35 weeKs 
wheneas 80% of the mice in the controJ gro^J t)ecame cfiabetto at theage of 35 

[0Q96] The results mentioned above indicate that KRN 7O0O si^resses the spontaieous onset of diabetes in NOD 
mice. The NOC moirse fe a model animate tnanan^ type frdiatoetes^Aiifom^ Disease Models, edited by^Choen 1. 
R. and Miller A. Academic Press. Inc. (1»fl. Chapter 9. p. 149). The resiAs mertkoned above indicate that KRN 7000 
is effective in treating ^e I diabetes. 

Pharmacological Test Example 9: Stimu lation of Vag4^ NKT cell proliferation bv KRN 70QQ 

[0097] Peripheral Wood mononuclear cells of a normal hunr^n were cultured for 4 days in an AIM medium supple- 
mented with 10% PCS with the addition of GM-CSF (400 U/ml). IL^ (200 U/ml) and KRN 7000 (100 ng/ml) to prepare 
antigen-presenting cells. 

[00981 An autologous mixed leukocyte reaction (MLR) was performed using these antigen-presenting cells as stimu- 
lator cells and autologous peripheral Wood mononuclear cells as responder cells. After incubation for 10 days. IL-2 (5 
U/ml) was added, incubation was continued for another 4 days, and the cells were harvested. Next. GD4. CDS douWe 
negative cells were recovered from these harvested cells and subjected to the phenotype analysis. The phenotypic 
analysis was expressed by fluorescence intensity of labeled antibodies against cells having various phenotypes. 
Results are shown in Figure 8. 

[0O99] As shown in Figure 8, it was revealed that a large number of cells having phenotype CD4 CD8' 
CD3*Va24+Vp1 1+NKRP1A* (a subset of Va24* NKT cefls) were present in these cell groips. 
[01 00] The cells were cultured using IL-2 (5 U/ml) to stffnulate the proliferation of Va24* NKT cells, which were used 
as responder cells in the following autologous mixed leukocyte reaction. Autologous peripheral blood mononuclear cells 
were cultured for 4 days with the addition of GM-CSF + IL-4 and 100 ng/ml of KRN 70(K). AGL-583 (p-galactosyicera- 
mide. p-GalCer) or 0.1% DMSO (vehicle) to prepare antigen-presenting cells. An autologous mixed leukocyte reaction 
was carried out using these antigen-presenting cells as stimulator cells. After incubation for 2 days. [^H] thymidine (0.5 
^iCi/ml) was added, and cells were harvested after 8 hours to measure [^HJthymkJine uptake into the cells by a liquid 
scintillation counter. Results are shown in Figure 9. 

[0101 1 As shown in Figure 9, antigen presenting cells treated with the vehicie or p-galactosylceramkJe showed no 
effect on Va24^ NKTcefl proliferation while antigen presenting cells treated witir KRN 7000 showed a rrerked stimiia- 
tive effect on Va24* NKT cell proliferation in a manner dependent on the number of antigen-presenting cells. Further- 
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more, inhibitory effects of anti-CDIa, CD1b. CD1c. and CDId antibodies on the stimulation of Va24* NKT ceil 
proliferation by the KRN 7000-treated antigen-presenting cells were assessed. As a result, only anti-CD1d antibody 
inhibitGd the stimulation of Va24+ NKT cell proliferation (data not shown). 

[0102] The results mentioned above indicate that KRN 7000 is effective in stirrwlating the proliferation of human 
5 Va24* NKT cells, a counterpart of mouse Val 4* NKT cells. Ckjnsidering the current report that patients with advanced 
type I diabetes have an extremely small number of Va24+ NKT cells (Wilson et al.. Nature, 391. 177 (1998)) and the 
results of Pharmacological Test Examples 3. 7 and 8. the results strongly suggest that KRN 7000 is effective in prevent- 
ing or treating autoimmune diseases, in which human Va24* NKT cells are involved, such as systemic lupi^ erythema- 
tosus, systemic sclerosis, nnultiple sclerosis and type I diabetes. 



PharmacQioqical Test Example 10: In duction of abortion bv KRN 7000 

[01 03] C57BL/B mice (Japan SLC) were used for the following experiment The day when a vaginal plug was observed 
was defined as day 0. Pregnant mice were divided into 2 groins (6 mice per group), i.e., one group to which 150 jig/kg 

75 of KRN 7000 were intravenously administered on days 7. 8 and 9, and another to which PBS (phosphate- buffered 
saline) was administered in the same way. On day 12. the uterus was removed to observe the state of the erriDryo. 
[0104] In the PBS-administered group, of the total of 53 embryos, 3 were dead and resorbed. The abortion rate was 
therefore 5.6%, which is consistent with the natural abortion rate of C57BU6 mice (about 5%). 
[01051 In the KRN 7p00-adnrarustBred group, of the total of 36 embryos. 12 were dead and resorbed. The abortion 

20 rate was 33%, which was obviously higher than tha^ for the urtreated ^mp, 

[0106] When the same amount of KRN 7000 was administerai to Va14* NKT-def ident {Ja281 KO) nrtice (Kawano. T 
et al., Science, 278, 1626-7629 (1997)) in theCTrreflramer. ^ aUu f Omit r ata i:3as 5.3%/ fflhtch\^6Zfigv^snt to that 
for the PBS-adminislered group (5.0%). The VaK* NKT<ie**tdent mice are available from Masaru Tamguchi, School of 
[Medidne. CKi:^Urvversft>L 

25 [0107] Consrdering that KRN 7000 activates NKT cells, a stgi nTiuar it oai i eiatRar b^c^Teerr WKTceff acth/atron^arrd Abor- 
tion induction was indicated. 

[01(^1 . IL-12 is also knoiOT to actrvate- WKT crfs- Wh»» the same amount of H--12.waa adrrenistered to mice 
((CBAxDBA/2)Fi) in the same nranner, the resulting a Ui^ U ufii a to tigs 34%. Thisr^jttstrofisfefa^ 
merrtioned above. 
30 [«we9I ThefrajMsfnentrorred above BTOfeat&t^ 

PharmacDtoaicsrf Test Example 1 1 : Acu te toxtcitv test bv a stnote administration . 

[Oil 0] The compound of Example 1 was intravenously adrrtnistered to mice. Results showed that LD50 for the com- 
35 pouTd was ntore than 10 mg/kg. Furthernrrare, the compound has a low toxicity showing no particular symptom at the 
administration level of 10 mg/kg. 



TO 



Claims 



40 



1 . A composition for activating NKT cells comprising a compound of formula ( I) : 



R9 



45 



SO 




55 



(I) 



wherein 
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represents H or OH, 
X represents an integer between 7 and 27, 

represents a substituent selected from the group consisting of the following (a) to (e) (wherein Y represents 
an integer between 5 and 17): 

(a) -CH2{CH2)yCH3 

(b) -CH(OH)(CH2)yCH3 

(c) -CH(OH)(CH2)yCH(CH3)2 

(d) -CH=CH(CH2)yCH3 

(e) -CH{OH)(CH2)yCH(CH3)CH2CH3. and 

R^ to represent substituents as defined in an/ one of the foUowtng i) to v): 
i) when R^, and R® represent K 

R"^ represents H. OH, NH2, NHCOCH3. or a substituent sefected from the group consisting of the fol- 
lowing groups (A) to (D): 




(A) (B) (G) (D) 



R^repfeseiilb OH or a substrtuent sefected fronrthe gTOTpcOTsistmg'of the fdlowing graces ©OTrf 
(F): 




(E) (F) 



R^^ represents OH or a sttostituent selected from the group consisting of the following groups (A) to 
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represents H, CH3. CH2OH or a substituent selected from the group consisting of the following 
groups (A7 to (D*): 




(A^) (ff) (C) (DT) 



ii) vsfhen R^,; and R^ represent H, 

R* represents H. OH. NH2, NHCOCH3. or a substituent selected from the group consisting of the fbl* 
lowing g-oups (A) to (D): 




(A) (B) (C) (D) 



R^ r^resents OH or a substituent selected from the group consisting of groups (E) and (F): 
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OH 



o. o- 




KO 



HO 



—OH 




OH 




OH 



NHCOCH3 



(E) 



(F) 



represents OH or a substituent selected from the group consisting of the following groups (A) to 
(D): 



HO 




OK 





Hi 




(A) 



(5) 



(C) 



represents CH3, CH2OH or a sUbstituent selected from the group consisting of the following 
groi^js (A*) to (D'): 




(A') 



(B-) 



(U) 



or a salt or a solvate thereof. 



A pharniacGutical composition for use in the treatment of an autoinvnune disease comprising a conipound of for- 
mula (I), or a salt or a solvate thereof: 
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(I) 

wherein to and X are as defined in daim 1 . 

3. A pharmaceutical compositiorr as daimed in daanr 2 wheren the autoi mnmjne disease is systemic lupus erythema- 
tosus or systemic sclerosis. 

4. A pharmaceutica] compositicffi as daimed in daim 2 vvherein the aufiDimmun& cSsesse is uicer^ive cotilis. 

S- A pharmaceutical conr^positiorr ss daimed in daim 2 whereirr tfre auto?mmime <&s&asB enceptelomyefrtis or nuif- 
tiple sderosis- 

6. A^mTaceuticalcompostiorTasctaErnecf!rrdaim2wherem 

71 A pharmaceuttcal cu i K t pobito i tor rrKjuuriy aLim Uuj i compnsirrg a ccmpQimd of formula (1): 



R9 




(1) 

wherein R"* to and X are as defined in claim 1 . or salts or solvates thereof. 

8. A conrposition as claimed in any one of daims 1 to 7 wherein R^ and R^ represent H, R'* r^resents OH or a sub- 
stituent of any one of groups (A) to (D). represents OH or a substituent of group (E) or (F), R^ and R® each rep- 
resent H or OH wherein both R^ and do not represent the same substituent, and R^ represents CH20H,CH3, H 
or a suljslituent of any one of groups (A*) to (D*). 

9. A corrposition as claimed any one of daims 1 to 7 wherein X represents an integer between 21 and 25 and R^ rep- 
resents siA)Stituent (b) wherein Y represerts an integer between 1 1 and 1 5. 

10. Aconrposition as daimed any one of claims 1 to 7 wherein X represents an Integer between 9 and 13 and rep- 
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resents substituent (a) wherein Y represents an integer between 1 1 and 15. 

11 . A composition as claimed any one of daims 1 to 7 wherein a compound of formula (I) is {2S.3S,4R)-1 -(a-D-galact- 
opyranosyloxy)-2-hexacosanoylamino-3,4- octadecanediol. 

12. Use of a connpound of formula (1) or a salt or a solvate thereof for the manufacture of an NKT cell-activating agent: 



10 



15 




0C>-^(CH2)x— CH3 
HN 

R2 



20 



2S 



(I) 

wheran to and X arcdefinedas daimed irrcfaim 1. 

IX Use of a conrpourxf of fbnmla (l> or a salt or a solvate ttiereoff for the manufacture of a therapeutic agent for an 
autouTirnunectiseass: 



30 



3S 




00-'^(CH2))t--CH3 
HN 



R2 



40 



(I) 

45 Wherein R^ to R* and X are defined as claimed in daim 1 . 

14. Use as claimed in daim 13 wherein the autoimmune disease is systemic lupus erythematosus or s/stemic sclero- 
sis. 

50 1 5. Use as claimed in claim 1 3 wherein the autoimmune disease is ulcerative colitis. 

16. Use as claimed in claim 13 wherein the autoimmune disease is encephalomyelitis or muHiple sderosls. 

17. Use as claimed in daim 1 3 wherein the autoimmune disease is type I diabetes 

55 

tS. Useot a conpcamE* otformula (r^ or a salt era sdvatethereotfor thefranutacture of an agent for inducing abortion: 
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5 



10 




(I) 

wherein R"" to and X are as defined in daim 1 . 

20 19. Use as darmed in any one of d aims 12 to 18 wherein and represent K. R^ represents OH or a substituent 
of any one of groups (A) to (D), represents OH or a substituent of group (E) or (F). R^ and each represent H 
or OH wherein both R'^and R^cto not represent tfie same subsli«uafttfflTdF^r^s«eTlsCt^OH; CH3» KorssuiJ- 
. stituent of any one of groups (A*) to (DO. 

25 20. Useas daimed in arry oneof danrs 12 to wherein X represents an integer behTOen2t and 25 ard R^ repre- 
sents substituent (b) wherein Y represents an integer between t1 and 1 5. 

21. Use as claimed rn any one of dafrn&l2 10 18 wherein Xrepr^ertsanintege'bett^^ 
sutistrtuenl (a) wherein Y represrte an integer beb»een 1 1 and 15. 

30 

22. Use as daimed in any one of daim 12 to 18 wherein a compourd of formula (F) is (2S,3S,4R)-1 -(a-D-galactDpyran- 
osyta)ty)*2-he3«acosanc^anBno-3.4-octactecanedicrf. 



23. An NKT cell activated by a conpound of formula (1) or a salt or a solvate thereof: 

3S 




(I) 

50 

wherein to R^ and X are as defined in daim 1. 

24. An activated NKT ceil as claimed in claim 23 wherein the NKT cell is a human Va24* NKT cell. 

55 

25. An activated NKT ceo as claimed in daim 23 which is obtaindaleby curturing a NKT cell in vitro in the presence ot 
a compound of formula (I) or a salt a a solvate thereof. 
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26. An activated NKT cell as claimed in claim 23, 24 or 25 wherein R- and represent H. represents OH or a sub- 
stituent of any one of groups (A) to (D). R^ represents OH or a substituent of group (E) or (F), and each rep- 
resent H or OH wherein both R^ and R® do not represent the same substituent. and R^ represents CH2OH, CH3. 
H or a substituent of any one of groups (A") to (D*). 

5 

27. An activated NKT cell as claimed in claim 23. 24 or 25 wherein X represents an integer between 21 and 25 and R^ 
represents substituent (b) wherein Y represents an integer between 1 1 and 1 5. 

28. An activated NKT cell as claimed in claim 23. 24 or 25 wherein X represents an integer between 9 and 13 and R^ 
10 represents substituent (a) wherein Y represents an integer between 1 1 and 1 5. 

29. An activated NKT cell as claimed in claim 23, 24 or 25 wherein a compound of formula (I) is (2S,3S.4R)-1-(a-D- 
galactopyranosyloxy)-2-hexacosanoylam(no-3.4-octadecaniBdiol. 

75 30. A method for activating an NKT cell which comprises the step of cuKuring an NKT cell in vitro in the presence of a 
compound of famula (I) or a salt or a solvate thereof: 



20 



25 




30 



(I) 



wherein R*" to R^ artd X are as defined in claim 1 . 
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31. A method for treating an autoirrwraine disease comprising the step of administering a conpound of formula (1) or a 
salt or a solvate thereof to a mammal inclucfing a human: 



40 



45 




09 — ^(CH2))C— CH. 



R2 



so 



(I) 

wherein R'' to R^ and X are as delined in cteum V 

A method for treating an autoimmune disease corrprising the step of administering an activated NKT cefi ofctam 
23 to a mamnral including a human. 
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33. A method as claimed in daim 32 wherein the administration is carried out by inrplanting the activated NKT cell in 
the body of a mammal induding a human. 

34. A method as claimed in daim 31 or 32 wherein the autoimmune disease is systemic lupus erythematosus or sys- 
temic sderosis. 

35. A method as claimed In claim 31 or 32 wherein the autoimmune disease is ulcerative colitis. 

36. A method as claimed in daim 31 or 32 wherein the autoimmune disease is encephalomyelitis or multiple sclerosis. 

37. A method as claimed in claim 31 or 32 wherein the autoinr^une disease is type I diabetes. 

38. A method for indudng abortion which comprises the step of adntinistrating a conpound of fomnula (I) or a salt or a 
solvate thereof to a manmal including a human: 




wherein-R'^ to ai^d X are as defined in daim 1 . 

39. A method as claimed in any one of daims 30 to 38 wherein and represents H, represents OH or a sub- 
stituent of any one of groups (A) to (D) , r^resents OH or a sut)stituent of group (E) or (F), R^ and R® each rep- 
resent H or OK wherein both R^ and R® do not represent the same substituent. and R^ represesnts CH2OH. CH3. 
H or a substituent of any one of groups (A*) to (D*). 

40. A method as claimed in any one of daims 30 to 38 wherein X represents an integer between 21 and 25 and R^ 
represents substituent (b) wherein Y represents an integer between 1 1 and 15. 

41 . A method as claimed in any one of daims 30 to 38 wherein X represents an integer between 9 and 13 and R^ rep- 
resents substituent (a) wherein Y represents an integer between 1 1 and 15. 

42. A method as claimed in any one of claims 30 to 38 wherein a compound of formula (1) is (2S.3S,4R)-1 -(a-D-galact- 
opyranosyloxy)-2-hexacosarK>ylamino-3,4-octadecanediol. 
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Z Q A» all scard»abl«dain»aiUd be »eard»edwiihfl«teflbrt justify!^ 
of any additioaal fee. 

3. Q Aa only aoBic of the ttquircdadditiondfcaidifeca were ^^^^ 

only these danw for MM tta were paid, spedfictlly daiios Nob j 



4. Q ^'^l^iwdaddUkindacaiditowwttnwlypaidbythcappli^ 

restricted to the invention first mentioned io ttie daims; it ts onvcred by dains No«.: 



ttcnark on Prolcat Q Iht additioaal se web toi were accompai^ed by cbe applkwit's jrrdeat. 

n No protest aooanpanud the psymem of additional seardiiees. 
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